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Is the international normalised ratio (INR)
reliable? A trial of comparative measurements in
hospital laboratory and primary care settings

F D Richard Hobbs, David A Fitzmaurice, Ellen T Murray, Roger Holder, Peter E Rose,
Jacquie L Roper

Abstract
Aim-To determine the reliability of
international normalised ratio (INR)
measurement in primary care by practice
nurses using near patient testing (NPT),
in comparison with results obtained
within hospital laboratories by varied
methods.
Methods-As part of an MRC funded
study into primary care oral anticoagula-
tion management, INR measurements
obtained in general practice were vali-
dated against values on the same samples
obtained in hospital laboratories. A pro-
spective comparative trial was undertaken
between three hospital laboratories and
nine general practices. All patients at-
tending general practice based anticoagu-
lant clinics had parallel INR estimations
performed in general practice and in a
hospital laboratory.
Results-405 tests were performed. Com-
parison between results obtained in the
practices and those in the reference
hospital laboratory (gold standard), which
used the same method of testing for INR,
showed a correlation coefficient of 0.96.
Correlation coefficients comparing the
results with the various standard labora-
tory techniques ranged from 0.86 to 0.92.
It was estimated that up to 53% of tests
would have resulted in clinically signifi-
cant differences (change in warfarin dose)
depending upon the site and method of
testing. The practice derived results
showed a positive bias ranging from 0.28
to 1.55, depending upon the site and
method of testing.
Conclusions-No technical problems as-
sociated with INR testing within primary
care were uncovered. Discrepant INR
results are as problematic in hospital set-
tings as they are in primary care. These
data highlight the failings of the INR to
standardise when different techniques and
reagents are used, an issue which needs to
be resolved. For primary care to become
more involved in therapeutic oral antico-
agulation monitoring, close links are
needed between hospital laboratories and

practices, particularly with regard to
training and quality assurance.
(C Clin Pathol 1999;52:494-497)
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Oral anticoagulant monitoring has traditionally
been hospital based, in part because of the
need for a laboratory blood test. The growing
numbers of patients receiving warfarin as a
result of the increasing indications for
anticoagulation-especially for non-rheumatic
atrial fibrillation-have led to pressure on
primary care to undertake therapeutic
monitoring.' 2 If this shift of care is to occur, it
is important that the international normalised
ratio (INR) can be reliably measured within
primary care settings.
There are two potential obstacles to ensuring

reliability: the provision of adequately trained
personnel and the availability of suitable
technology. The traditional belief has been that
trained laboratory staff are needed to perform
the test because of the complex operator
dependent steps and the requirements of qual-
ity assurance.3

Concerns are expressed that laboratory test-
ing within general practice settings is done
poorly, and this issue would be particularly
important for a test which results in treatment
change.4 Several portable instruments are
available for INR estimation outside laboratory
settings. These show good reliability in com-
parison with traditional laboratory
techniques5 6; however, evaluations have only
been performed in hospital settings using
highly trained staff, with few data from primary
care.7
The aim of anticoagulant treatment is to

prevent thrombotic problems, while minimis-
ing the risks of bleeding caused by depression
of clotting factors.8 Recognition of the haemor-
rhagic side effects of warfarin led to the
development of the prothrombin time test for
monitoring anticoagulant activity.9 The pro-
thrombin time assesses the integrity of the
extrinsic coagulation pathway including three
of the clotting factors dependent upon vitamin
K (factors II, VII, and X). The prothrombin
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The remaining portions of the venous
samples were sent to three local laboratories,
which used four different methods to compare
the INR results obtained. Blood samples were
delivered to the hospitals by routine collection.
In laboratory 1 the INR was estimated on two
machines: Thrombotrak using Thrombotest
from the same batch as that used by the prac-
tices (method la); and by ACL machine
(Instrumentation Laboratory, UK, Ltd) using

LilL| IL (PT-Fibrinogen HS plus) reagent (method
6 7 8 lb). The ISI of the ACIJIL combination was

derived by the laboratory using an orthogonal
KCIO. Solid line regression calibration procedure, comparing

manual and machine values obtained from 20
normal and 80 warfarinised patient plasmas,

tdig to the resulting in a value of 1.15. As laboratory 1 is
sh less sensi- recognised by the health authority as a regional
shorter .ipro- reference laboratory, the INR derived using the
s, established ACL/IL combination is taken as the gold
se discrepan- standard (method lb).
Issessment of In laboratory 2, INR was estimated by
boplastin by KC-10 machine using Manchester reagent, ISI
omboplastins 1.04 (method 2). In laboratory 3, INR was
Organisation performed manually using Manchester rea-
)nsiveness is gent, ISI 1.03 (method 3). These ISIs were
index (ISI). provided by the manufacturer, with no local
as INR = calibration undertaken. All three laboratories
prothrombin participated in two external quality assurance
irmal plasma schemes-NEQAS (national external quality
lasma in par- assessment scheme) and CEQAS (central
ad reference external quality assurance scheme). Five prac-
ated from the tices sent samples to laboratory 1, four
calibration of practices sent samples to laboratory 2, with one
rnational ref- of these practices changing to laboratory 3

during the study.
reliabi lty of All practice based clinics were run by nurses,

incomparison except for one which employed a medical labo-
n hospital ratory scientific officer (MLSO) for the study.

Ies. All practice based staff attended a one day
training course which dealt with the theoretical
aspects of oral anticoagulation as well as prac-

h technology tical training in the use of CDSS and NPT. On
,ossibility of site support was available for the first three
monitoring clinics, although this was primarily needed for

a network of CDSS interpretation and clinical advice rather
ped to man- than help in performing the INR.
iterised deci-
atient testing
s undertaken
anuary 1996.
Ls used as the
at the time
Department
)oplastin rea-
omed UK), a
romboplastin
of 1.0. The
sed through-

)us sample of
tube; 50 gl of
I of reconsti-
nternal qual-
rmed before
vith external
,d every eight
vere provided
ttory (labora-

STATISTICS
Statistical methods used included linear
regression analysis, paired t tests, and Wilcoxon
signed rank tests on INR levels. Out of range
frequencies were compared using X2 and
McNemar tests. Not all analyses are reported
here.

Results
Four hundred and five results were obtained
from 296 patients receiving warfarin treatment:
196 were sent to laboratory 1, 141 to
laboratory 2, and 68 to laboratory 3. The
majority of samples were processed within six
hours of venepuncture. No relation was found
between time of INR testing and INR correla-
tion.
For results obtained by the practices, 217

(54%) were within the individual therapeutic
range. In comparison, in-range figures for the
contemporaneous samples sent to the hospitals
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Table 1 Laboratory 1: hospital Thrombotrak v practice
near patient testing (NPT) results

Practice

Out of range In range Total

Laboratory: Out of range 72 32 104
In range 18 74 92
Total 90 106 196

Values are numbers of tests.

Table 2 Laboratory 1: hospitalACL v practice near
patient testing (NPT) results

Practice

Out of range In range Total

Laboratory: Out of range 63 41 104
In range 27 64 91
Total 90 105 195

Values are numbers of tests.

Table 3 Laboratory 2: hospital KC-JO v practice near
patient testing (NPT) results

Practice

Out of range In range Total

Laboratory: Out of range 38 42 80
In range 29 32 61
Total 67 74 141

Values are numbers of tests.

Table 4 Laboratory 3: hospital manual v practice near
patient testing (NPT) results

Practice

Out of range In range Total

Laboratory: Out of range 22 27 49
In range 9 10 19
Total 31 37 68

Values are numbers of tests.

Table S Sensitivity and specificity ofpractice near patient
testing (NPT) compared with hospital gold standard testing

Laboratory Sensitivity Specificity

Laboratory 1, TT 69% 80%
Laboratory 2, ACL 61% 70%
Laboratory 3, KC-10 48% 52%
Laboratory 4, manual 45% 53%

TT, Thrombotrak.

were 54% for laboratory 1, 52% for laboratory
2, and 54% for laboratory 3.
The correlation between INRs obtained on

the practice Thrombotrak with those obtained
on a Thombotrak in laboratory 1 showed a

correlation coefficient (r) of 0.96, with r values
for the practice derived results compared with
laboratory 1 (ACL) of 0.89, laboratory 2 (KC-
10; fig 1) of 0.86, and laboratory 3 (manual) of
0.92.

Tables 1-4 outline the numbers of tests
whereby a clinically significant difference
would have arisen depending on where the test
was performed (that is, where practice and
laboratory results are discrepant for in-range
values). Sensitivity in this instance is defined as

the proportion of results from the same sample
being within the individual therapeutic range
on both methods being compared; specificity is
defined as the proportion of results being out-
side the therapeutic range using both methods.

Thus for laboratory 1, Thrombotrak v practice,
50 of 196 tests (26%) would have resulted dif-
fering doses of warfarin being given. The
figures for laboratory 1 ACL, laboratory 2, and
laboratory 3 v practice results were: 68 of 195
(35%), 71 of 141 (50%), and 36 of 68 (53%),
respectively. Taking the laboratory derived
result as the gold standard, and analysing
results as being in or out of range defined by
clinical condition, according to British Society
ofHaematology guidelines, 14 the sensitivity and
specificity of practice derived NPT INRs
against the gold standards of the different
laboratories are illustrated in table 5.
Although the correlation between the prac-

tice results and laboratory 1 Thrombotrak
results is very good, there is a small positive
bias of 0.28 on average in the practice results.
The correlation between practice and labora-
tory 1 ACL shows that the practice INRs are
consistently higher than the laboratory results,
by 0.41 on average. There is a similar but
greater discrepancy for laboratory 2 KC-10 (fig
1), where the mean bias was 0.56, and labora-
tory 3 manual, where the mean bias was 0.59.
In all three cases bias tended to become greater
as the INR increased. The predicted mean bias
at an INR of 4.0 would be 0.48, 0.91, and 1.55,
respectively.

Discussion
This study has highlighted the problems of
varying INR results from the same blood sam-
ple. The implications of this are of great
importance given the increasing pressure on
primary care to undertake therapeutic moni-
toring of oral anticoagulation. We have shown
that up to 50% of dosing decisions may be
made differently according to the method of
INR determination. This is a highly clinically
significant finding since over and under dosing
of warfarin can carry substantial risk.
The INR system was designed to overcome

these differences and provide consistency in
the measurement of the therapeutically in-
duced coagulation defect, regardless of the
method or site of testing. On these data,
patients being monitored through two labora-
tories (2 and 3) would require larger warfarin
doses to achieve therapeutic INRs than pa-
tients being monitored by either laboratory 1 or
in primary care. One possible explanation for
the variation in comparative INR measure-
ments will be inadequate performance within
the laboratory, to a level that falls below quality
assurance programmes. All of the laboratories
in this trial were subject to at least one external
quality assurance programme (all were under
NEQAS), but the results of their performance
are not available to the authors since this is a
confidential inquiry. However, clearly one pos-
sible explanation for the discrepancies in com-
parative INR measurements could have been
that the performance in one or all of the clinics
fell below the EQA standard.

Naturally, this does not negate the findings
of this study (because it measures actual prac-
tice), but it may provide a further explanation
for the variation in levels. This possibility rein-
forces the essential involvement of any centre
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performing diagnostic testing, whether in
primary or secondary care, to join an appropri-
ate EQA scheme.
These primary care data reconfirm labora-

tory findings that the INR is influenced by the
reagent used to measure it."-5" These data also
show that the INR system does not adequately
standardise for the different methods of
testing, although the factors leading to this are
probably multiple. The derivation of the ISI is
currently performed against different WHO
reference materials which may be one source of
error. The differing thromboplastins used have
varying sensitivities which are not fully accom-
modated by the INR.

This study is the first primary care based
study of INR reliability. The results, particu-
larly the correlation between results derived
using the same technology, indicate that
trained primary care nurses can perform the
INR test as well as experienced laboratory
staff. If primary care is to become more
involved with therapeutic monitoring of oral
anticoagulation, it is important that close links
are forged between pathology laboratories and
practices to ensure that differences in INR
results obtained are kept to a minimum, with
internal and external quality assurance proce-
dures being organised through the local
laboratory. In turn, hospital laboratories must
adopt more consistent methods ofINR estima-
tion if their recommendations are to be
reliable. The INR can be measured as consist-
ently and safely in general practices as in
hospital laboratories. The validity of derived
INR results is as much a problem in hospital
settings as in primary care and requires further
investigation of the causes.

We would like to thank all the laboratory staff at Queen
Elizabeth (laboratory 1), City (laboratory 2), and Nuffield
(laboratory 3) hospitals, Birmingham, for their assistance with
this study. The study was funded by the Medical Research

Council ROPA scheme, grant number G94151178, and NHS
Research and Development Primary and Secondary Care Inter-
face Programme, grant number 3-08.

1 Taylor F, Ramsey M, Voke J, et al. GPs not prepared for
monitoring anticoagulation. BMJ 1993;307: 1493.

2 Sweeney KG, Pereira Gray D, Steele R, et al. Use of warfa-
rin in non-rheumatic atrial fibrillation: a commentary from
general practice. BrJ Gen Pract 1995;45:153-8.

3 Poller L. Advances in oral anticoagulant treatment. In:
Poller L, ed. Recent advances in blood coagulation, vol 4.
Edinburgh: Churchill Livingstone, 1985:191-214.

4 Lassen JF, Brandslund I, Antonsen S. International normal-
ized ratio for prothrombin times in patients taking oral
anticoagulants: critical difference and probability of signifi-
cant change in consecutive measurements. Clin Chem
1995;41:444-7.

5 Kapiotis S, Quehenberger P, Speiser W Evaluation of the
new method Coagucheck for the determination of the pro-
thrombin time from capillary blood: comparison with
Thrombotest on KC-1. Thromb Res 1995;77:563-7.

6 Sanders KJ, Lewis SM, Cooper S, et al. An evaluation of the
Nycomed Thrombotrak coagulation system. London:
NHS Procurement Directorate, 1989.

7 Fitzmaurice DA, Hobbs FDR, Murray ET, et al. Evaluation
of utilizing computerised decision support system (DSS) in
the therapeutic management of oral anticoagulation in
general practice. Fami Pract 1995;12:505.

8 Sadowski JA, Bovill EG, Mann KG. In: Poller L, ed. Recent
advances in blood coagulation, vol 5. Edinburgh: Churchill
Livingstone, 1991:93-118.

9 Preston FE. Quality control and oral anticoagulation.
Thromb Haemost 1995;74:515-20.

10 Poller L, Taberner DA. Dosage and control of oral
anticoagulants: an international survey. Br j Haematol
1982;51:479-85.

11 Hirsh J Poller L. The international normalised ratio. A guide
to understanding and correcting its problems. Arch Intern
Med 1994;154:282-8.

12 JCSH/ICTH recommendations for reporting prothrombin
time in oral anticoagulant control. International Com-
mittee for Standardisation in haematology and Inter-
national Committee on Thrombosis and Haemostasis. _7
Clin Pathol 1985;38:133-4.

13 Poller L, Thomson JM. Problems of international normal-
ized ratio implementation in prothrombin time standardi-
zation. In: Poller L, ed. Recent advances in blood coagulation,
vol 6. Edinburgh: Churchill Livingstone, 1993:155-68.

14 British Committee For Standardisation In Haematology.
Guidelines on oral anti-coagulation, 2nd ed. _7 Clin Pathol
1990;43: 177-83.

15 Eckman MH, Levine HJ, Pauker SG. Effect of laboratory
variation in the prothrombin-time ratio on the results of
oral anticoagulant therapy. N Engl 7 Med 1993;329:696-
701.

16 Morrison M, Fitzsimons EJ. Discrepant INR values strike
again. Clin Lab Haematol 1991;13:221-5.

17 Morrison M, Fimls G, Caldwell A. Discrepant INR values:
a comparison between Manchester and Thrombotest
reagents using capillary and venous samples. Clin Lab Hae-
matol 1989;11:393-98.

497


